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Neyyar, the southernmost river of Kerala, originating from the Agasthaymala flows through 
the Neyyattinkara taluk of Thiruvananthapuram district. Ten identified stations were selected, 
macroflora associated with the river were collected and analyzed various biochemical 
components namely lipid, protein and carbohydrate adopting various standard methods. 
Seasonally minimum lipid, protein and carbohydrate content were registered in Saccharum 
spontaneum (Station 5), Cyperus tenuispica (Station 8) and Saccharum spontaneum (Station 
4) respectively and the corresponding maxima in Pityrogramma calomelanos, Colocacia 
antiquorum and Limnocharis flava. On an annual basis it showed a pattern with lipid < 
carbohydrate < protein in all the selected macrophytes. Higher accumulation of protein and 
carbohydrate were registered in Colocacia  antiquorum and Limnocharis flava, suggesting 
that it can be exploited as food, feed and fodder. 
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Abbreviations 
Co  Colocacia antiquorum Schott  
Lo  Lagenandra ovata (L.) Thwaites  
Lf  Limnocharis flava (L.) Buch. 
Ss  Saccharum spontaneum L.  
Ct  Cyperus tenuispica Steudel  
Bm  Bacopa monnieri (L.) Pennell  
Mp  Mariscus pennatus (Lam.) Dom.  
Ai  Acanthus ilicifolius L.  
Bo  Blechnum orientale L.  
Pc  Pityrogramma calomelanos (L.) Link  
Al  Adiantum latifolium L.  
Aa  Acrostichum aureum Lam.  
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1. Introduction  
The flora associated with rivers comprise mainly aquatic macrophytes which are generally 
Angiosperms, Pteridophytes and Bryophytes belonging to various classes of hydrophytes 
such as submerged, emergent and floating along with riparian vegetation. Aquatic 
macrophytes are of considerable ecological and economic importance as they contribute to 
the productivity of water bodies; mobilize mineral elements from the bottom sediments and 
provide shelter to aquatic invertebrates and fishes. They also respond to the changes on water 
quality and can be used as indicators of pollution. In the event of destruction of vegetation on 
riparian slopes not only the river gets more and more polluted but erosion, siltation, soil 
impoverishment, creation of ravines and gullies also take place. The studies on aquatic 
macrophytes are important to limnologists in order to understand the functioning of those 
aquatic ecosystems to fisheries. The profuse growth of the aquatic macrophytes may lead to 
eutrophication in the system.  
Biochemical components are the building blocks of the cell organelles, cell membrane, cell 
wall, cytoplasm and nucleus and play a crucial role in the control of growth, reproduction, 
metabolism and heredity. They characterize and regulate various biological processes and are 
unavoidable to the structural and functional aspects of organisms. Lipids, the oily 
hydrocarbon derivatives, are the principal forms of stored energy in most of the organisms 
and constituents of the cell membrane and specialized lipids serve as cofactors, transporters, 
hormones, extra cellular messengers and anchors of membrane proteins (Conn and Stumpf, 
1990). Proteins act as catalysts and as signaling receptors. They also store, transmit and 
translocate genetic information in the form of nucleic acids. The fruits, seeds, rhizomes, 
foliage and vegetative parts of the macroflora are abundant in energy rich biological 
molecules that can support life.  Carbohydrates are abundant molecules on earth and are 
staple of the human diet. The study provides a base line data on their nutritional qualities and 
the possibility of exploitation as an alternate source of food, fodder and feed for humans and 
animals.  
2. Materials and Methods 
Neyyar, the southernmost river of Kerala originating from the Agasthyamala, flows through 









16’ E Longitude. It meanders through Neyyattinkara taluk of 
Thiruvananthapuram, the capital city of Kerala and has a length of 56 Km. The river water is 
mainly used for irrigation, drinking, bathing and washing purposes. Ten stations were 
identified and selected along the entire stretch of the river for the present study. Station 1 is at 
Perinjamkadav about 1 km down the floodgates of the Neyyar reservoir, constructed for 
irrigation purposes. The remaining nine stations are located at Veeranakav, 
Mandapathinkadav, Keezharoor, Aruvippuram, Olathanny, Mavilakkadav, Poovar, Pozhiyoor 
and Poovar Pozhi, the barmouth. Macroflora associated with the river were collected once a 
month for a period of one year and twelve of them were selected for the analysis of different 
biochemical components namely lipid, protein and carbohydrate. Lipid content was estimated 
following the method of Bligh and Dyer (1959) and total carbohydrate as per the phenol-
sulphuric acid method suggested by Dubois et al. (1956). The total protein content was 
computed from the nitrogen content (N x 6.25) of the sample estimated by Kjeldahl’s method 
(Belcher and Godbert, 1954). Plants selected for analytical studies were Colocacia 
antiquorum, Lagenandra ovata, Limnocharis flava, Saccharum spontaneum, Cyperus 
tenuispica, Bacopa monnieri, Mariscus pennatus, Acanthus ilicifolius, Blechnum orientale, 
Pityrogramma calomelanos, Adiantum latifolium and Acrostichum aureum. All the binomials 
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are abbreviated in the graphical representation. The study period has been divided into three 
seasons: premonsoon, monsoon and postmonsoon depending on the rain fall data which were 
procured from the Meteorological Department, Govt. of India Thiruvananthapuram. 
3. Results and discussions 
3.1 Lipid 
The monthwise distribution of lipid content in the macroflora ranged from 0.70 mg g
-1
 in S. 
spontaneum at Station 3 to 61.70 mg g
-1
 in B. monnieri at Station 8 during April and February 
respectively. Seasonal average values (Figure 1) fluctuated between 10.94 mg g
-1
 in S. 
spontaneum at Station 5 during premonsoon and 50.17 mg g
-1
 in P. calomelanos at Station 5 
during monsoon. Annual averages varied between 12.88 mg g
-1
 in S. spontaneum and 41.41 mg 
g
-1
 in P. calomelanos at Station 5. Comparatively higher concentrations were recorded in C. 
antiquorum, L. ovata, L. flava, P. calomelanos, A. latifolium, B. monnieri and A. ilicifolius. C. 
tenuispica, M. pennatus and A. aureum collected from down stream stations registered lower 
values. Lipid content in C. antiquorum at Stations 1, 2 and 8 exhibited a trend with monsoon 
< postmonsoon < premonsoon, while at Station 3 a premonsoon > monsoon > postmonsoon 
pattern was found.  
 
 
Figure 1: Seasonal distribution of lipid in the selected macroflora 
 
The seasonal values were found fluctuating in S. spontaneum and A. ilicifolius without any 
definite trend. An accumulation pattern with monsoon < postmonsoon < premonsoon was 
evident in the case of L. flava, B. monnieri and C. tenuispica. L. ovata showed a pattern with 
premonsoon < postmonsoon < monsoon while in M. pennatus it was monsoon < premonsoon 
< postmonsoon. Out of the four pteridophyte members studied, three genera viz., B. orientale, 
P. calomelanos and A. aureum exhibited a monsoon > postmonsoon > premonsoon pattern. 
In A. latifolium the trend of accumulation observed was premonsoon > monsoon > 
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postmonsoon. Among the pteridophytes studied the maximum lipid content was observed in 
P. calomelanos during all the three seasons. Comparatively higher values were reported by 
Mishra and Jha (1996) in various aquatic macrophytes. More or less similar results were 
registered by Mini (2003) and Arathy (2004) in various aquatic as well as riparian 
vegetations. Fluctuations noticed in the concentration of lipid in the same genus collected 
from different stations may be due to the changes in the environmental factors that might 
have influenced the vegetative growth and development including availability of nutrients as 
well as allochthonous materials. Variations of lipid in different genera collected from the 




Monthwise data on protein content in twelve macrophytes collected from ten different 
stations of Neyyar river ranged from 12.25 mg g
-1
 (March) to 323.75 mg g
-1
 (October) in C. 
antiquorum at Station 2. The seasonal (Figure 2) minimum value (40.83 mg g
-1
) was 
registered in C. tenuispica (Station 8, monsoon) and maximum (211.19 mg g
-1
) in C. 
antiquorum (Station 2, postmonsoon). The annual average values fluctuated from 51.39 mg g
-
1
in M. pennatus (Station 9) to 131.25 mg g
-1
 in L. ovata (Station 1). In S. spontaneum 
seasonwise variations were found significant: F = 10.99, d.f. = 2, p ≤ 0.0029. C. antiquorum at 
Stations 1, 3 and 8 showed a monsoon > postmonsoon > premonsoon trend while at Station 2 it 
was a premonsoon < monsoon < postmonsoon pattern. S. spontaneum at all stations showed a 
premonsoon < monsoon < postmonsoon pattern of accumulation of proteins except at 
Stations 4 and 6. At Station 4 it was in the order of monsoon < premonsoon < postmonsoon 
while at Station 6 premonsoon and monsoon values remained uniform and postmonsoon 
values higher. A. ilicifolius collected from both the stations exhibited different patterns of 
protein accumulation. In the downstream stations lower protein concentrations were detected 
in C. tenuispica and M. pennatus while in the upstream stations lower values were observed 
in S. spontaneum, P. calomelanos and B. orientale. Comparatively higher concentrations 
were recorded in C. antiquorum, L. ovata, L. flava, A. latifolium, A. ilicifolius, and A. aureum. 
More or less similar results were registered by Prasannakumari et al. (2000), Mini (2003) and 
Arathy (2004) in various aquatic / riparian vegetation.  
 
In general, the fluctuations of protein content in the same plant at different stations recorded 
herein may be due to the influence of physicochemical factors along with the variations in 
vegetative growth, metabolism and development of the plant. At the same station different 
plant species recorded different accumulation patterns which may be due to variation in the 
accumulation efficiency in terms of their phenology. Monsoon / postmonsoon high values 
were detected in all the genera except P. calomelanos where the values remained slightly 
higher during premonsoon. During this period, the environmental parameters such as salinity, 
pH and high amount of nutrients created a congenial atmosphere for the luxuriant and healthy 
growth of the plant. The weather conditions which were quite unfavorable for the growth and 
development during non-monsoon period became conducive by the onset of monsoon. 
During this season the plants were in the juvenile and growing stage with lots of meristematic 
tissue. This may be the reason for high levels of protein content during that period. This rapid 
growth of plant took place accompanied by the formation of new tissues and the protein 
content also increased to the maximum and it was in agreement with the reports of Gangadevi 
(1997) who reported maximum protein content during monsoon period in different 
macroalgae collected from the south west coast of India. 
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Figure 2: Seasonal distribution of protein in the selected macroflora 
 
3.3 Carbohydrate  
Monthly value of carbohydrate in different macrophytes collected during the period of 
investigation ranged from 17.05 mg g
-1
 in S. spontaneum at Station 4 (December) to 134.79 
mg g
-1
 in A. latifolium at Station 6 (April). Annual average values varied between 37.20 mg 
g
-1
 and 80.09 mg g
-1
 in S. spontaneum at Station 4 and C. antiquorum at Station 1 
respectively. Seasonal values (Figure 3) ranged between 25.77 mg g
-1
 (S. spontaneum, Station 
4) during monsoon and 89.91 mg g
-1
 (L. flava, Station 2) during premonsoon. In Saccharum 
spontaneum significant monthwise and seasonwise variations were observed by ANOVA: 
monthwise - F = 7.719, d.f. = 11, p ≤ 7.25E - 08; seasonwise – F = 15.241, d.f. = 2, p ≤ 
0.00092. The carbohydrate content registered during the present study remained within the 
reported values of Mishra and Jha (1996), Prasannakumari (2000), Mini (2003) and Arathy 
(2004) in various aquatic / riparian vegetation. Comparatively higher values than those 
reported in the present study were recorded by FAO (1993) in different macrophytes. C. 
antiquorum at all Stations, P. calomelanos at Station 5, A. latifolium at Station 6 and C. 
tenuispica at Station 8 showed a trend with premonsoon > monsoon > postmonsoon pattern in 
carbohydrate content while S. spontaneum at Stations 3, 4, 5 and 6 exhibited a monsoon < 
postmonsoon < premonsoon pattern with significant fluctuations at Stations 1 and 7. A. 
ilicifolius at Stations 9 and 10 showed different accumulation patterns. L. flava, B. orientale, 
B. monnieri and A. aureum exhibited an accumulation pattern of premonsoon > postmonsoon 
> monsoon.  
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Figure 3: Seasonal distribution of carbohydrate in the e selected macroflora 
In general all the twelve genera collected from 10 different stations showed premonsoon high 
values except L. ovata and S. spontaneum at Station 1, M. pennatus at Station 9 and A. 
ilicifolius at Station 10. Same genus showing similar pattern in the synthesis of carbohydrate 
irrespective of stations may be due to the common genetic behavior of plants. Different 
genera collected from the same station exhibited different patterns and this may be due to the 
variation in the nature of synthetic efficiency. Same genus at different stations showing 
various patterns may be attributed to the input of environmental variations that affect the 




Figure 4: Annual distribution of lipid, protein and carbohydrate in the selected macroflora 
 
Vegetative growth as well as development might have also influenced the fluctuations in the 
carbohydrate concentration in the riparian as well as hydrophytic forms. The climatic factors, 
hydrological conditions and sediment characteristics may have influenced the vegetative 
growth and metabolism altering the concentration of soluble carbohydrates in the plant tissue. 
In general, minimum seasonal mean values of protein (C. tenuispica, Station 8) and 
carbohydrate (S. spontaneum, Station 4) were recorded during monsoon whereas lipid 
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attained least value during premonsoon season (S. spontaneum, Station 5). Maximum 
concentration of lipid, protein and carbohydrate was registered during monsoon (P. 
calomelanos at Station 5), postmonsoon (C. antiquorum, Station 2) and premonsoon (L. flava 
at Station 2) seasons respectively. High values of carbohydrate were recorded in C. antiquorum, 
L. flava, A. latifolium and A. ilicifolius. Among the three biochemical components analyzed the 
seasonal values for proteins reached a maximum concentration of 211.19 mg g
-1
 in C. 
antiquorum during postmonsoon season at Station 2. The annual average values recorded a 




Because of the higher accumulation of carbohydrate (C. antiquorum, L. Flava, A. ilicifolius 
and A. latifolium) and protein (C. antiquorum, and L. Flava), these plants could be exploited 
for making food items, fodder and feed. The present study has helped to unravel the 
potentiality of aquatic macrophytes as crucial structural and functional components in the 
natural mechanism of aquatic ecosystems. They were found to influence the water chemistry 
of the river by their photosynthesis and extra cellular secretion and form an ideal substratum 
for the growth of a number of algae, herbivores and decomposers and function as a source as 
well as sink in the aquatic system. The environmental conditions particularly chemical and 
textural nature of the sediments (Prasannakumari, 2006) played a major role in both chemical 
and physical equilibrium of these plants. The study provides a baseline data on the 
bioorganics of the riparian vegetation of the Neyyar, which can be used for further 
investigation, conservation, and exploitation of different macroflora associated with lotic 
systems of the state.  
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